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$xrightarrow g(x)=c_{3}x^{3}+c_{2}x^{2}+c_{1}x+$ , $c_{i}\in \mathbb{R}$
$z\mapsto f(z)=z^{3}-3a^{2}z+ba,$ $b\in \mathbb{R}$ (1)
$A=a^{2}$ , $B=b^{2}$ (2)
(moduli space)
$A$ critical point $0$
$B$ $f$ $0$
1 $\sigma$
$\sigma^{d}=^{ef}sgn(g’’’)=sgn(c_{3})$ ( ) (3)
1 3 (moduli space)
$\{(A, B)|B\geq 0\}\cup\{(A, B)|B\leq 0\}$
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$\sigma$ $\sigma B>0$ $\sigma A$ 3
critical point critical point \langle
3 4 $\mathcal{R}_{0},$ $\mathcal{R}_{1},$ $\mathcal{R}_{2},$ $\mathcal{R}_{3}$
2 $f$ 3
$f$ real periodic point 1 $f$ trivial class $\mathcal{R}_{0}$
$I$ $f$ periodic point





Fig. 1. $\mathcal{R}_{0},$ $\mathcal{R}_{1},$ $\mathcal{R}_{2},$ $\mathcal{R}_{3}$
3 $f(z)$ $n$ $f^{on}(z)$ :
$f^{00}(z)=z$ , $f^{o(n+1)}(z)=f^{on}(f(\dot{z}))$
, $\mathcal{R}_{1},$ $\mathcal{R}_{2},$ $\mathcal{R}_{3}$ 4
$Per_{p}(\mu)$ eigenvalue $\mu$ $p$ periodic cycle $f$ $(A, B)$
$Per_{1}(1)$ : $B=4(A+ \frac{1}{3})^{3}$ , $Per_{2}(1)$ : $B=4(A- \frac{2}{3})^{3}$
$Preper_{(t)p}$ critical $point\pm a$ preperiodic $f^{ot}(a)$ $P\geq 1$ periodic point
$f$ $(A, B)$
$Preper_{(1)1}$ : $B=4A(A-1)^{2}$ , $Preper_{(1)2}$ : $B=-(1\pm(2A+1)\sqrt{-A})^{2}$
$\mathcal{R}_{0},$ $\mathcal{R}_{1},\mathcal{R}_{2},\mathcal{R}_{3}$ $Per_{1}(1)$ $Preper_{(1)1\text{ }}$





riodic chaotic 3 2 critical points
2 critical points
case $\mathcal{A}$. Adjacent




$U=U_{1}\cup U_{2}arrow U$ first return map ‘ smooth 2
2 critical point $U_{1},$ $U_{2}$ $f^{op}(U_{1})\subset$
$U_{2},$ $f^{oq}(U_{2})\subset U_{1}$ $\mathcal{B}_{p}+q$
case $C$ . Capture
first return map $U_{1},$ $U_{2}$ $U_{2}$ 2 critical point $U_{1},$ $U_{2}$
$\circ$
$f^{op}(U_{1})\subset U_{2},$ $f^{oq}(U_{2})\subset U_{2}$ $C_{(p)q}$
case D. Disjoint periodic sinks
disjoint $k$ $U_{1},$ $U_{2}$ first retum map $U_{i}arrow U_{i}$
$f^{op}(U_{1})\subset U_{1},$ $f^{oq}(U_{2})\subset U_{2}$ $\mathcal{D}_{p,q}$
case $\mathcal{A}\sim \mathcal{D}$ Fig 3
Fig. 4




$\mathcal{A}_{7}$ $\mathcal{B}_{p+q}$ $C_{(p)q}$ $\mathcal{D}_{p,q}$
































Fig. 4. . $[-1.2,1.2]\cross[-1.85, .75]$
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$\text{ _{}(-\sqrt{|A|})=^{\text{ _{\sqrt{|A|}}}}\{-b\neq$$ffi\text{ _{}=\sqrt{|A|}}f(\sqrt{|A|}^{\text{ }})$
$\bullet$ $f(x)=-x^{3}-3$Ax+\mbox{\boldmath $\psi$}B|
$\{$ $f(-\sqrt{|A|})f^{03}(\sqrt{|A|})$ $==$ $-\sqrt{|A|}-\sqrt{|A|}$ $\{f^{03}(-\sqrt{|A|})f(\sqrt{|A|})$ $==$ $\sqrt{|A|}\sqrt{|A|}$
MACSYMA $(A, B)$





topological entropy Y [3]




lap $I$ $f$ lap $l(f)$ $c_{0},$ $c_{1},$ $\cdots,$ $c_{i}$
$c_{1},$ $\cdots,$ $c_{l-1}$ turning point
1 $\lim_{narrow\infty}l(f^{on})^{\frac{1}{n}}$
$s^{d}=^{ef} \lim_{narrow\infty}l(f^{on})^{\frac{1}{n}}=\inf_{n}l(f^{on})^{\frac{1}{n}}$
$s$ $f$ growth number
5 $\log s$ $f$ topological entropy
$f^{on}$ lap
$l(f^{o*})^{d}=^{ef}(l(f^{00}), l(f^{01}),$ $l(f^{02})$ )
$f$
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6 $x\in I$ address
$A(x)^{\Leftrightarrow e}\{\begin{array}{l}I_{j}.x\in I_{j}TturningpointTk\backslash \cap\ gc_{j}x\delta^{i}turningpointc_{j}\otimes gg\end{array}$
$x$ $f$ itinerary
def$A(f^{o*}(x))=(A(x) , A(f(x))$ , $A(f^{02}(x))$ , .dots)
7 $f(x)$ (sign function)
sign $(x)^{d}=^{ef}\{\begin{array}{l}1.xl^{i}f\emptyset g_{-}^{\backslash }arrow \mathfrak{F}\mathfrak{n}\ovalbox{\tt\small REJECT}\not\supset DE|_{B}^{\ni}7YC\ovalbox{\tt\small REJECT} LT\backslash \cap 6*g-1xp_{i}f\emptyset\backslash g_{\wedge}^{arrow}-\Re_{\mathfrak{n}}\ovalbox{\tt\small REJECT}_{\vee}’J\backslash \not\in|^{a_{B}}5\#C\ovalbox{\tt\small REJECT} LT\backslash \cap\xi gg\end{array}$
$x$ turning point sign$(c_{k})=0$
$e_{n}$ $:= \prod_{i=0}^{n-1}sign(f^{oi}(x))$ $f^{on}(x)$
$x$ $f$ itinerary
$\theta^{*}(x)$ $:=(e_{0}A(x), e_{1}A(f(x)),$ $\cdots$ )
2 $f$ 3 $f$ $n$ $l(f^{on})=1$
$s=1$ topological entropy $\log s=0$
3 $f$ 3 $f\in \mathcal{R}_{3}$ $l(f^{on})=3^{n}$ $s=3$









right hand limit left hand limit $\theta(x-)$
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8 turning point $(1 \leq i\leq l)$
$\nu_{i}$ $:=\theta(c_{i}+)-\theta(c_{i}-)$
$=N_{i1}I_{1}+N_{i2}I_{2}+\cdots+N_{il}I_{l}$
$f$ $i$ kneading increment o kneading matrix
$[N_{ij}]$ $:=(\begin{array}{ll}N_{11} N_{1l}\vdots \vdots N_{l1} N_{ll}\end{array})$ $N_{ij}\in \mathbb{Z}[[t]]$










‘ topological entropy $0$
4 $B_{1+2}^{+}$ $(A, B)=(0.71327,0.12977)$ OD topological entropy
$\theta_{*}(C1+)=(I2, -I3, -I2, I2, -I3, -I3, -I2, I3, I3, \cdots)$
$\theta_{*}(C1-)=(Il, 13, 12,$ $-I2, I3, I3, I2, -I3, -I3, \cdots)$
$\theta_{*}(C2+)=(I3, I2, -I3, -I3, -I2, I3, I3, I2, -I3, \cdots)$














kneading matrix $[N_{ij}]$ $[N_{ij}]$ $[M_{ij}]$
$[N_{ij}]=(-10$ $1-2t_{3^{2}}+-t+_{+t}^{+_{2t_{3}^{3^{3}}-1}^{3_{t}t-2t^{5}}}11$ $\frac{-2t-4t^{4}-2t^{5}}{\frac{-t^{3}-2t^{3}+11+t_{2}}{1+t^{3}}})$
$[M_{ij}]=(01$ $\frac{1-2t+3t^{3}-2t^{5}}{\frac{1-2t1+t^{-b^{t^{3}}}}{1-2t+t^{3}}})$
$K\in \mathbb{R}$ $J=[-K, K]$
$\theta_{*}(K)=(I3, I3, I3, \cdots)$
$\theta_{*}(-k)=$ ( $Il,$ Il, Il, $\cdots$ )
$\theta(K)-\theta(-K)=(I3-I1)(1+t+t^{2}+t^{3}+\cdots)$
$=- \frac{1}{1-t}I1+\frac{1}{1-t}I3$ ,



















\mbox{\boldmath $\tau$} topological entropy (Table 1
)
[3] topological entropy [1]
equi-entropy line ([2] Fig. $15a_{\text{ }}$
Fig. 5 )
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Fig. 5. Equi-entropy line . $[.57, 1.03]\cross[-.03, .43]$
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